Background: This study aimed to determine the most appropriate angle and moving 39 direction of the arm for improving coordination of the periscapular muscles, including 40 the serratus anterior (SA) and the upper (UT), middle (MT), and lower trapezius (LT). 41 Methods: Muscle activation amplitudes were evaluated in the SA, UT, MT, and LT in 11 42 healthy subjects using surface electromyography. The subjects were asked to maintain 43 the arm position at five elevated positions with maximal effort against applied manual 44 forces, which were directed from upper to lower (Test 1), lower to upper (Test 2), 45 posterior to anterior in the frontal plane and lateral to medial in the sagittal plane (Test 46 3), and anterior to posterior in the frontal plane and medial to lateral in the sagittal plane 47 (Test 4). The relative activity of the UT with respect to the SA, MT, and LT was 48 calculated, resulting in the UT/SA, UT/MT, and UT/LT ratios.
Introduction
Ltd., Osaka, Japan). The sampling rate was 2048 Hz. All of the raw myoelectric signals 120 were pre-amplified (overall gain, 1000; common rate rejection ratio, 80 dB; 121 signal-to-noise ratio < 4 μV; peak-to-peak baseline noise filtered to produce a 122 bandwidth of 5-3000 Hz). The BA-1008 was interfaced with the computer via an 123 eight-channel, 16-bit MaP211 A/D card (Nihonsanteku Co., Ltd.) . All of the raw EMG 124 signals were converted from analog to digital via the MaP211 A/D card at 2048 Hz. All 125 data were recorded, stored, and analyzed on a personal computer using the EMG 126 multi-analysis program MaP1038 software (Nihonsanteku Co., Ltd.) . directions were randomized to avoid systematic influences of fatigue and learning 138 effects. Subjects were allowed to rest for 3 minutes between tests. 139 140 Data reduction 141 All of the raw EMG signals were filtered to a bandwidth of 20-500 Hz. The root 142 mean square of the raw data was determined. To normalize the obtained electrical signal 143 values of the muscle activities during testing protocol, the value at maximal voluntary 144 isometric contraction (MVIC) of each muscle in the recommended posture 15 was 145 recorded. MVIC was sustained for 3 seconds. Each MVIC task was repeated two times 146 and their mean was used as a reference. For normalization, the percentage MVIC (% 147 MVIC) was calculated for the SA, UT, MT, and LT. 148 To choose the appropriate exertion method as training exercises, we selected pairs of 149 the arm position and test in the SA, MT, and LT that showed EMG activity >60% MVIC. 150 One previous study showed that the >60% MVIC activation level is very high activity 151 sufficient to strengthen muscles 11 . 152 153 Categorization of muscle activity according to muscle balance ratio 154 To demonstrate exercises with a highly activated SA, MT, or LT and low UT activity, we calculated the UT/SA, UT/MT, and UT/LT muscle balance ratios using the 156 normalized EMG values 4, 22 and classified those extracted pairs into four categories 157 based on the muscle balance ratios: Category 1, <60%; Category 2, 60-80%; Category 3, 158 80-100%; and Category 4, >100%. According to a previous study, Categories 1, 2, and 159 3 corresponded to excellent, good, and moderate 4 . There were significant main effects for the tests in both planes. In the frontal plane, 233 the SA was activated to a greater degree during Test 1 than during the other tests (p 234 < .001). In addition, the SA was activated to a greater degree during Test 4 than during 235 Tests 2 and 3 (p = .009 and p = .016, respectively). In the sagittal plane, the SA was 236 activated to a greater degree during Test 1 than during Tests 2 and 3 (p < .001) and 237 during Test 4 than during Tests 2 and 3 (p < .001). 238 Upper trapezius 239 A significant interaction between arm positions and the tests was found in the frontal 240 and sagittal planes (p < .001). In both planes, the UT activities were greater during Test 1 than during Tests 2, 3, and 4 (p < .001). 242 Middle trapezius 243 A significant interaction between arm positions and the tests was found in the frontal 244 and sagittal planes (p < .001). In the frontal plane, the MT activities were greater during 245 Test 3 than during the other tests (p < .001). In the sagittal plane, the MT was activated 246 to a greater degree during Test 1 than during Tests 2 and 4 (p < .001) as well as during 247 Test 3 than during Tests 2 and 4 (p < .001).
248
Lower trapezius 249 A significant interaction between arm positions and the tests was found in the frontal 250 and sagittal planes (p < .001, p = .009, respectively). In the frontal plane, the LT was 251 more activated to a greater degree during Test 1 than during Tests 2 and 4 (p < .001) as 252 well as during Test 3 than during Tests 2 and 4 (p < .001). In the sagittal plane, the LT 253 was activated to a greater degree during Test 1 than during other tests (p < .001) as well 254 as during Test 3 than during Tests 2 and 4 (p < .001). shown in this study are thought to differ from those evoked during isokinetic arm 268 elevation 21,23,24 , but all of the periscapular muscles would be elicited to hold the 269 appropriate scapular position. To simply strengthen all of the periscapular muscles, 270 exercises like Test 1 at the 120° and 150° elevated positions would be effective. In daily 271 clinical practice, however, patients with shoulder problems tend to be unable to raise 272 their arms more than 120° due to subacromial impingement. 273 Prone horizontal abduction at the 90° and 135° elevated positions in the frontal plane 274 and the wide-grip rowing at shoulder level were previously reported to enhance trapezius muscle activation 14, 16, 25, 29 . These exercises have similar motion patterns as 276 Test 3 performed at the 90°, 120°, and 150° elevated positions in the frontal plane. Test Only Test 3 at the 90° elevated position in the sagittal plane was classified into 309 Category 1. Our result indicated that this exercise method would be the most effective 310 for strengthening the MT without hyperactivating the UT. However, in daily practice, there is concern that subacromial impingement might occur at the 90° arm position. 312 Although these tests were classified into Category 2, we recommend Test 3 at the 30° or 313 60° elevated positions in the sagittal plane in the early phase of rehabilitation. 314 In the frontal plane, data of Test 3 at the 30°, 60°, and 90° elevated positions were 315 also classified into Category 2 and can be recommended. Test 3 at highly elevated 316 positions such as 120° or 150° elicited MT activities >60% MVIC; these results were 317 consistent with those of previous studies 14, 25 . However, they also activated the UT and 318 were not classified into categories. In some situations classified into favorable categories, the SA, MT, or LT was not 338 sufficiently activated to be strengthened but the UT activation was very low. For 339 example, Test 2 at 30° of humeral elevation in the frontal plane demonstrated no more 340 than 14.4% of the UT/SA ratio (Category 1), but the SA was activated in only 43.6% 341 MVIC. In such situations, the SA, MT, or LT is not strengthened but may be facilitated 342 safely, and they could be reasonable choices in the early phase of rehabilitation. This study is a first step in examining the most effective movement for activating the 354 SA, MT, and LT without hyperactivating the UT. We demonstrated that the horizontal 355 adduction exercise might effectively strengthen the SA muscle, even at low arm angles, 356 and that the horizontal abduction exercise at the 90° elevated position might also be 357 effective for the MT. However, we found no appropriate procedure for the LT. The 
Limitation
This study has some limitations. First, the sample size of 11 subjects was small and 366 the data in Tables I-IV included high standard deviation values. We demonstrated the 367 standard deviation in each cell as well as the mean value to prevent readers from 368 overestimating our data. In all tables, however, many situations of extraordinary value 369 were evident in the surveyed muscles, and it seems not to be difficult to avoid 370 non-active exercise patterns. 371 Second, we researched SA activity as described in previous studies 4, 13, 20 ; in reality, 372 this method recorded only activation of the lower part of the SA instead of the entire SA. 373 This is because our pilot study demonstrated that the recording of the middle and upper 374 SA must be affected by the latissimus dorsi or pectoralis major muscles; this 375 phenomenon is known as cross-talk in surface EMG 30 . Considering that the long 376 thoracic nerve ramifies into more branches in the lower part of the SA 28 , activation of 377 the lower SA can represent the entire SA. Third, we studied a sample of young, healthy 378 adults. Clinical patients may have different characteristics than those of our subjects, 379 and we cannot tell whether the muscle activation of the healthy volunteers in this study 380 would be generated in the patients. However, the basic functions of the periscapular 381 muscles such as the upward rotator should be maintained, and we could expect the 382 functional recovery of such patients by applying the accomplishments to our daily practice. 
